Results
The median all-cause survival for PTL was 11.6 years (95% confidence interval [CI]: 11.1 to 12.1 years). The majority of PTL patients were female (68%) and white (93%), with a mean age of 65.8 years. Histologically, 59.5% of cases were diffuse large B-cell lymphoma (DLBCL), 18.3% marginal zone lymphoma, 8% follicular lymphoma, and 1.9% Burkitt lymphoma. Regarding treatment, 40.6% received beam radiation, and 54% underwent surgical resection. Single-agent chemotherapy was used in only 3.5% of patients, where 60.7% received multiagent chemotherapy. Additionally, immunotherapy was used in 16.2% of patients.
There was a significantly increased risk of mortality associated with increasing age, DLBCL histology, and higher disease stage. Multivariate analysis of treatment methods revealed that lobectomy (hazard ratio [HR] : 0.58, 95% CI: 0.47-0.73) and total or subtotal thyroidectomy (HR: 0.58, 95% CI: 0.47-0.71) had significantly improved survival rates over no surgical management (p < 0.001). Beam radiation (HR 0.67, 95% CI: 0.58-0.79) had a significant survival benefit over treatment regimens that did not include radiation therapy (p < 0.001). Multiagent (HR: 0.40, 95% CI: 0.33-0.49) and single-agent chemotherapy (HR: 0.43, 95% CI: 0.30-0.63) had significant improvement over treatment regimens that did not include chemotherapy (p < 0.001). Immunotherapy had a survival benefit (HR 0.87) although this was not found to be 
Introduction
Primary thyroid lymphoma (PTL) is a rare lymphoma that develops in the thyroid gland, representing only 1% to 5% of thyroid malignancies and 2.5% to 7% of all extra-nodal lymphomas [1] [2] [3] [4] [5] . The largest study to date describing this disease by Graff-Baker, et al. included 1408 cases in the Surveillance, Epidemiology, and End Results (SEER) database [3] . Graff-Baker, et al. found that 98% of all PTL is non-Hodgkin's lymphoma [3] . This study observed that 68% of cases of PTL are histologically diffuse large B-cell lymphoma (DLBCL); with other histological subtypes including follicular lymphoma (10%), marginal zone or mucosal-associated lymphoid tissue (MALT) lymphoma (10%), and small lymphocytic lymphoma (3%) [3] . DLBCL represents the highest grade of PTL with the most aggressive course [2] [3] 6] . MALT lymphoma is considered indolent and low grade, representing a benign subtype of PTL [2-4.6] . DLBCL can develop from MALT lymphoma, and rarely the two can be found together in a mixed subtype [2, [6] [7] [8] .
Graff-Baker, et al. found a median survival of 9.3 years, with the majority of patients being female (75%) and white (93%) with a mean age of 66 years [3] . Prior studies have found that poor prognostic factors include age greater than 80 years, DLBCL histology, and advanced stage [3, 6] . Variables associated with improved prognosis include treatment with either radiation, surgery, or multiagent chemotherapy [3, 6] .
PTL generally presents with a rapidly enlarging anterior neck mass that may cause obstructive symptoms and be associated with cervical lymphadenopathy [2] . Up to 10% of patients present with B type symptoms such as weight loss, night sweats, and fever [2] . PTL is generally diagnosed by either fine needle aspiration (FNA) or open biopsy, as PTL is difficult to differentiate from other malignancies or benign processes by ultrasound alone [4] [5] [6] 8] .
There is a paucity of large retrospective population studies available for this disease. As case series and case reports represent the majority of the available studies on PTL, optimal treatment methods have not been well established. PTL is generally treated with a combination of chemotherapy and loco-regional radiotherapy, with surgery generally reserved for cases where major debulking is required [2, 4, 7, 9] . Chemotherapy generally involves the CHOP regimen of cyclophosphamide, doxorubicin, vincristine, and prednisone, though other combinations may be used [2] . Rituximab is usually added to this combination, with CHOP plus rituximab showing promising results in the management of PTL [2] . Radiotherapy of 30-60 Gray (Gy) is the standard adjuvant therapy when beam radiation is used [9] .
This study includes the largest group of PTL patients studied to date, and the first study using the National Cancer Database (NCDB) to analyze the demographics and prognosis of PTL. This is also the first retrospective population study to examine the use of chemotherapy and immunotherapy in the prognosis of PTL.
Materials And Methods
The NCDB is the largest clinical registry in the world, representing over 70% of all new invasive cancer diagnosis in the United States every year. It is a project of the American Academy of Surgeons (ACoS), the Commission on Cancer (CoC), and the American Cancer Society and has been collecting data on newly diagnosed cancers since 1985 [10] .
The NCDB participant user files for extra-nodal and nodal non-Hodgkin's lymphoma were combined and used to identify patients diagnosed with PTL between 2004 and 2015. Primary thyroid site was determined using the International Classification of Diseases for Oncology, 3rd Edition (ICD-O-3) topographical code, C73.9.
Only non-Hodgkin's lymphoma was included, and histological subtypes were examined by ICD-O-3 morphological specific codes. Histologies present include lymphoma, not otherwise The examined demographic characteristics included sex, insurance status, facility type (community, comprehensive community, academic, and integrated centers), location, Charleson/Deyo comorbidity index score, and HIV status. The NCDB describes community centers as facilities treating between 100 and 500 newly diagnosed cancer cases each year, where comprehensive centers treat >500 new cases per year. Academic centers participate in postgraduate medical education and participate in cancer-related research. Race was separated into black, white, and all other categories, with Hispanic or non-Hispanic identified separately. Year of diagnosis was examined for all years included in the database, from 2004 to 2015, and separated into four-year periods. In examining tumor characteristics and presentation, the stage was compared using the Ann Arbor classification as detailed in the American Joint Committee of Cancer (AJCC) Staging manual, 7th edition [11] . The AJCC Ann Arbor classification defines that stage I PTL is confined to the thyroid, stage II involves lymph nodes on the same side of the diaphragm, stage III involves lymph nodes on the opposite side of the diaphragm, and stage IV has distant metastasis present at diagnosis [11] . Histologic subtypes found in greater than 1% of PTL patients were included in analysis: DLBCL, Burkitt's lymphoma, follicular lymphoma, marginal and MALT lymphoma, and lymphoma NOS. The presence or absence of systemic "B symptoms" such as night sweats, fever, or weight loss, was also included.
Management of PTL was examined by the type and sequence. Characteristics compared include surgical treatment methods, where site-specific surgical codes were used to identify methods of surgical treatment (no surgical management, partial lobectomy or local excision, lobectomy, and subtotal or total thyroidectomy). The use of beam radiation, radioisotopes, or no radiation and the sequence of radiation and surgery, either before or after surgery, were included as separate groups. The use of single-or multi-agent chemotherapy, or no chemotherapy, as well as the administration of immunotherapy, was included. The sequence of chemotherapy and surgery, before or after surgery, was also examined.
Cox regression analysis with 95% confidence interval (CI) was used for bivariate analysis of hazard ratios (HR) for evaluating the risk of mortality for demographic, histologic, pathologic, and treatment characteristics. 
Results
Patient, tumor, and treatment characteristics for 3,466 patients with PTL are listed in Table 1 . Most patients were female (68.6%) with a normally distributed average age at diagnosis of 65.8 years (+/-14 years). The majority were white (93%), with only 2.2% identifying as black, while 94.5% of all patients identified as non-Hispanic. The majority of patients were insured by Medicare (51.4%), with private insurance representing the next largest group (40.8%). Medicaid (4.2%) and uninsured (2.5%) represented a minority of patients. Most patients received treatment at comprehensive community centers (43.9%) followed by academic centers (36.6%), with only a small group (9%) receiving treatment at community hospitals. 
Bivariate analysis
Demographic, tumor, and management characteristics were analyzed for their effects on allcause mortality ( 
Multivariate analysis
Multivariate analysis of patient and tumor characteristics revealed that increasing age, Charleson/Deyo score, and stage remained significant predictors of mortality ( 
Survival
Kaplan-Meier analysis revealed an overall all-cause median survival of 11.6 years (mean 9.0 years) with a 75% five-year and 59% 10-year survival ( Table 4 , Figure 1 ). Survival analysis by histology revealed that follicular lymphoma had the best mean survival at 10.2 years (p < 0.001; Figure 2 ). The worst survival of examined histologies was DLBCL, with a mean survival of 8. The mean overall survival was examined for select treatment options ( Table 5) . Patients who did not receive surgical resection had a survival of 8.0 years. For those treated with surgery, lobectomy had the best survival at 9.9 years, with 9.7-year survival for total and subtotal thyroidectomy. Partial lobectomy and local excision had a survival of 8.4 years. Beam radiation had a significant (p < 0.001) improvement in survival over no radiation, with survival of 9.8 years compared to 8.3 years. Multiagent chemotherapy has a significant (p < 0.001) survival of 9.2 years over no chemotherapy, at 8.2 years.
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Surgical Treatment (n = 3423) Discussion PTL is a rare thyroid neoplasm, representing only 1% to 5% of thyroid malignancies and 2.5% to 7% of all extranodal lymphomas [3, 6, 12] . To our knowledge, this represents the largest study to date examining the characteristics and survival of PTL, and the first study of the NCDB database. By analyzing this nationwide database to determine survival outcomes by demographics, tumor characteristics, and management strategies, opportunities for improvement in patient care may be identified.
Demographics of the affected patients are consistent with previous studies, showing that a majority of patients are females, white, and non-Hispanic, with an average age of 65.8 years old [3] [4] 6] . The study of the SEER database by Graff-Baker, et al. supports these findings, where 75% of PTL patients were found to be female and 93% white, with an average age of 66.4 years [3] . To our knowledge, no prior study has examined the insurance status or facility type where patients received treatment. Our study documents the predominance of patients receiving care for this rare cancer at centers with higher caseloads and research, receiving treatment at academic (36.6%) and comprehensive community centers (43.9%) over community centers (9%). Most patients use private or Medicare insurance to cover treatment. The significant female predominance of PTL is especially notable when compared to lymphoma overall, as lymphoma is generally more common in males than females in almost all other subtypes [13] .
Hashimoto's thyroiditis is an established risk factor for PTL and a potential precursor, which may explain the female predominance and increased age range of patients when compared to other forms of lymphoma [2, 5, 13 ]. Hashimoto's thyroiditis confers a 67 to 80-fold increase in the risk of development of PTL and has up to a 1:20 male to female ratio [2, 9, 12 ]. Hashimoto's thyroiditis often accompanies PTL, with one case series of 38 patients finding pathological evidence of Hashimoto's thyroiditis in up to 86% of patients with PTL [2] . Hashimoto's thyroiditis can also be difficult to distinguish from PTL on fine needle aspiration [2, 5] . PTL should be considered in patients with findings of thyroiditis on FNA that present with a rapidly enlarging neck mass and other signs not characteristics of Hashimoto's thyroiditis alone [2, 5] .
This study shows survival for PTL of median 11.6 years with a five-year overall survival of 75%, which is an improvement on prior studies. The largest previous study to date by Graff-Baker, et al. including 1,408 patients in the SEER database found a median all-cause survival of 9.3 years with a five-year overall survival of 66% [3] . [3, 6, 7, 14] .
Multiple prior studies agree that DLBCL is the most common subtype of PTL, with other common histologies including marginal zone, or MALT lymphoma, and follicular lymphoma [3, 4, [6] [7] [8] . Cases of multiple other histologies have been reported, though these other histologies are rare and their incidence is not well defined [4, 7] . Prior studies have found MALT lymphoma to be the second most common histology, with Graff-Baker, et al.finding 10% of all PTL patients in the SEER database presenting with MALT lymphoma [3, 7] . This was supported by our study, finding 18.7% of cases were marginal zone or MALT lymphoma. In contrast, in a review of 108 cases of PTL, Derringer, et al. found a majority of PTL patients presenting with some form of MALT histology, whether as pure MALT or mixed MALT and DLBCL histology [6] . The histological classification of PTL is complicated by the potential for MALT lymphoma to transform into DLBCL, which may explain the variability between many case series and database studies [6, 8] .
This study also agrees with prior studies showing that DLBCL has the worst prognosis, with marginal (MALT) and follicular lymphoma having the best survival prognosis among common histologies [3, 6, 7, 15] . Graff-Baker, et al. found a five-year disease-specific survival of 75% for DLBCL, 87% for follicular, 96% for MALT lymphoma, and 83% for other Non-Hodgkin's lymphoma [3] . Though our analysis used all-cause mortality, we found similarly improved survival in follicular and marginal over DLBCL. Prior studies have noted that DLBCL generally presents at a more advanced stage, potentially leading to its poor outcomes [6] .
Consistent with prior studies, most patients in the NCDB are diagnosed early at stage I, and this stage had a significant impact on overall survival. Graff-Baker, et al. found a five-year disease-specific survival of 86% for stage I, 81% for stage II, and 64% for stage III/IV [3] . Our analysis was limited by the lack of cancer-specific mortality in the NCDB database, finding lower five-year survival than Graff-Baker, et al., consistent with the use of all-cause mortality instead of cancer-specific survival [3] . However, the trend of decreased survival by increased stage is comparable.
PTL generally presents with a painless rapidly enlarging anterior neck mass that may cause obstructive symptoms and be associated with cervical lymphadenopathy [2] [3] [4] [5] 16] . Up to 10% of previously studied patients present with B type symptoms such as weight loss and night sweats and fever [2] . Our analysis confirms this finding, with 11.8% of patients presenting with systemic B symptoms at diagnosis. Bivariate analysis confirmed the findings by Graff-Baker, et al, that systemic symptoms increased the risk of mortality [3] .
Optimal treatment methods have not been established and may vary by histology [16] . Treatment for PTL has generally been based on established treatment regimens for other extranodal non-Hodgkin's lymphomas [2] [3] [4] . This treatment often varies by histology and stage, with a combination of multi-agent chemotherapy and immunotherapy generally used [2] [3] [4] 7] . Locoregional radiotherapy may be added depending on the size and spread of tumor [2] [3] [4] 7] . Surgery once played a major role in the treatment of PTL, especially prior to the introduction of FNA biopsy in the 1970s [9] . The role of surgery has decreased as surgical biopsy and resection is no longer required for diagnosis, though surgery may still play a limited role in large tumors presenting with compressive symptoms [2] . However, many PTL tumors are still diagnosed from surgical specimen prior to histopathologic diagnosis, when surgery is performed for suspected thyroid cancer or palliation of compressive symptoms [2, 9] .
The majority (53.7%) of patients in the NCDB received some form of surgical resection [2] [3] 5, 9] . Graff-Baker, et al. found comparatively high rates of surgical treatment in the SEER database, at 61% [3] . This is higher than expected for a malignancy where the recommended treatment is chemotherapy with or without radiation [3, 4] . These non-invasive treatment options have a significant mortality benefit, and some studies have even gone as far as to suggest that surgery has no role in the therapeutic management of PTL beyond diagnosis [5, 14] . Graff-Baker, et al. hypothesized that the high surgical volume may be due to debulking in advanced disease, the desire for definitive treatment in stage I disease, inappropriate surgeries, or the diagnosis of PTL only after resection for a separate thyroid pathology [3] . This large incidence of surgical management may also be due to a holdover of historical treatment methods, where surgical debulking was once the primary method of management [5, 9] . Though not generally recommended as first-line therapy, surgery had significant survival benefit on multivariate analysis. Even with controlling for stage and histology, lobectomy and total or subtotal thyroidectomy showed a significant survival benefit.
Chemotherapy, which is generally the recommended treatment, usually involves the CHOP regimen of cyclophosphamide, doxorubicin (hydroxydoxorubicin), vincristine (Oncovin), and prednisone [2, 9] . Additionally, the immunotherapy agent rituximab is often added to this combination, with CHOP plus rituximab showing promising results in the management of PTL, though studies that specifically address PTL remain small [2] .
As the first population study examining chemotherapy, we found that only 31.7% of patients did not receive chemotherapy. The majority (61.5%) received multi-agent treatment, though information on specific chemotherapeutic regimens is not available in the NCDB. Multi-agent and single-agent chemotherapy provide a significant improvement in survival, even when controlled for stage, histology, and other factors. Bivariate analysis also showed a significant survival benefit for neoadjuvant chemotherapy following surgical resection. This data supports the use of chemotherapy as the primary treatment regimen for PTL.
Specific regimens are not available in the NCDB, and all immunotherapies, including Rituximab, are placed in one category. Only 16.2% of patients reportedly received immunotherapy, which may be due to its more recent introduction into the market, though it is most likely due to inconsistency in the definition and coding of immunotherapy into the NCDB database. Our survival analysis showed a benefit to its use, though these findings were not statistically significant. Further studies will be needed to support the benefit of immunotherapy, especially Rituximab, in PTL [2] .
Prior studies have found that radiation provides significant benefit to patients with PTL, though only 41.6% of our patients received radiation treatment [2] [3] 6] . Beam radiation had significant survival benefit to patients with PTL on multivariate analysis, with a survival benefit of 1.5 years over patients who did not receive radiation. Adjuvant radiation following surgical resection was also significantly beneficial, though only 22.4% of patients received this sequence of treatment. Graff-Baker, et al. found similar survival benefit to surgery and radiation [3] . With the large number of patients receiving surgical management for PTL, there may be a greater role for adjuvant radiation than is currently observed.
Conclusions
This study represents the largest analysis of PTL patients to date and is the first population study to examine the use of chemotherapy. PTL remains rare, that is, heterogeneous in its histology and presentation. The majority of PTL is non-Hodgkin's lymphoma of B-cell origin, with DLBCL representing the most common histology, followed by marginal zone and follicular lymphoma. The most common treatment regimen is multiagent chemotherapy, which has the best survival of all treatment modalities. Surgical resection and radiation therapy are also commonly used and both show a significant survival benefit. With current treatment options, the overall prognosis of PTL is good, with median all-cause survival of 11.6 years, and a fiveand 10-year survival of 75% and 59%. Increased risk of death is associated with increasing age, DLBCL histology, and higher disease stage. Improved outcomes are associated with treatment at academic and integrated centers and with marginal and follicular histology.
Further research is needed to establish optimum treatment guidelines, especially within histological subtypes and by stage. Continued research is particularly important in comparing treatment modalities of surgery, chemotherapy, and radiation, especially with the introduction of new immunotherapies, such as Rituximab, and in comparing surgical approaches.
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